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$\eta(t)=-\frac{d\Omega(t)}{dt}>0$ , as $l\text{ }arrow 0$ , (1)
$\Omega(t)=\frac{1}{2}\langle|\omega(_{\mathrm{X}t},)|^{2}\rangle$ (2)
$\eta$ $\nu$ Kol-
mogorov $k\gg k_{0},$ $(k_{0}=L^{-}1)$ $-$
$\Omega(k)=\nu^{1/2}\eta f1/2(k/k_{d})$ , $k_{d}=\eta^{1/}\nu 6-1/2$ (3)
$f$ $L$





Kraichnan (1967) [2] Leith (1968) [3]
Kraichnan (1971) [4] $[\ln(k/k_{0})]-1/3$
$E(k)\propto k^{-(3+\delta)},$ $(\delta>0)$ Brachet
et al. (1988) [5] $N=2048$ (Symmetric)
$\delta=1arrow-0.2$ Borue (1993) [6] $N=4096$
$\delta$ $\delta$ $E(k)\propto$
$\exp\{-C(k/k_{d})\}$ $\mathrm{c}_{\text{ }}$ $E_{\eta}(k)\propto k^{-\alpha}$ $\alpha$
$\omega$ $\nabla\omega,$ $\delta\omega_{r}$
$\frac{D\omega}{Dt}=\nu\backslash ^{2}\cdot.\omega$ , $( \frac{D}{Dt}\equiv\frac{\partial}{\partial t}+\mathrm{u}\cdot\nabla)$ (6)
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(6) $\mathrm{g}\mathrm{r}\mathrm{a}\mathrm{d}$
$\frac{D\omega_{i}}{Dt},=-\tau\iota\iota,i\omega,\iota+\nu\nabla^{2}\omega_{i},$, $( \tau\iota_{l,i}=\frac{\partial u_{l}}{\partial x_{i}},$ $\omega,i=\frac{\partial\omega}{\partial x_{i}})$ (7)
$\omega$
$\delta\omega$







(X ) $P(X, t)$
$\frac{\partial P(\omega,t)}{\partial t}+\frac{\partial}{\partial\omega}\{(\frac{D\omega}{Dt})_{\omega}P\}=0$ (9)






. forcing – Forcing
drag term
$d\nabla^{-2}\omega$
$\frac{\partial\omega}{\partial t}+\frac{\partial\Psi}{\partial y}\frac{\partial\omega}{\partial x}-\frac{\partial\Psi}{\partial x}\frac{\partial\omega}{\partial y}$ $=$ $F_{\omega}+d\nabla-2\omega+\nu\nabla^{2}\omega$ , (11)
.
$\nabla^{2}\psi$ $=$ $-\omega$ (12)
$F_{\omega}$
. : Gaussian force ($4\leq k\leq 6$ , white noise in time),
$d$ $=$ $\{$
$c_{d}$ , for $k\leq 3$ ,
$0$ , otherwise.
: $\omega(\mathrm{x})=0$ , $(t=0)$ , (13)
: $\omega(\mathrm{x})=\omega(\mathrm{x}+2\mathrm{n}\pi)$ , (14)
$\Psi(\mathrm{x})=\Psi(\mathrm{x}+2\mathrm{n}\pi)$ , ( $\mathrm{n}$ : integer vector). 15)
$E(t)= \frac{1}{2}\langle|\mathrm{u}(\mathrm{x}, t)|^{2}\rangle=\int_{0}^{\infty}E(k, t)dk$ : $-$
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Parameters runl run2 run3 run4
$N$ 1024 1024 2048 4096
$\nu$ 5 $\cross 10^{-4}$ 1 $\cross 10^{-4}$ 2 $\cross 10^{-5}$ $7\cross 10^{-6}$
$\triangle t$ 5.859 $\cross 10^{-4}$ 5.859 $\cross 10^{-4}$ 2.930 $\cross 10^{-4}$ 7.324 $\cross 10^{-4}$
$k_{\max}$ 483 483 965 1931
$R_{\lambda}$ 19 23 40 59
$\eta$ 0.27 0.40 0.25 0.16













23 $0.12\leq k/k_{d}\leq 0.37$
$40$ $0.073\leq k/k_{d}\leq 0.30$
$59$ $0.043\leq k/k_{d}\leq 0.25$
fitting
$E(\tilde{k})=A\tilde{k}^{-\beta}\exp(-c\tilde{k})$ , $\tilde{k}\equiv\frac{k}{k_{d}}$ . (16)
$|1_{1}\mathrm{u}\tilde{k}|\gg\overline{k}(\overline{k}<1),$ $c=O(1)$
$\ln E(\tilde{k})$ $\simeq\ln A-\beta\ln\tilde{k}$ (17)




$\beta\approx 3.37$ , $(R_{\lambda}=59)$
Eyink [7]
$E(k)\propto k^{-}(3+\delta)$ , $\delta\leq 2/3$
$\beta$ (16)
$k^{\beta}E(\overline{k})=Ak_{d}\beta\exp(-c\tilde{k})$ . (18)
$\ln(k^{\beta}E(\tilde{k}))=B-c\tilde{k}$ , $B=\ln(Ak_{d^{\beta}})$ ; constant. (19)
Fig 3 $\overline{\eta}$ $k^{\beta}$
$E(k)$ $2.5\leq k/k_{d}\leq 4$
$c$ Fig 4 $R_{\lambda}$ $c$
$c\approx 3.4$ $c$
(16) Fig 3








Fig $.\Delta$ ti : $\mathrm{A}(k)\propto k^{-\mu}$ $\mathrm{r}_{\mathrm{l}}\mathrm{g}../\vee$ 7 ’\mp -- :
$\beta$ . $\overline{\eta}^{-2/3\beta}kE(k)$ .
Fig.4 $i^{7}$ : $\mathrm{P}^{\cdot}\mathrm{l}\mathrm{g}.:$) $A\tau-$




$\eta(\mathrm{k})$ $=$ $\frac{1}{(2\pi)^{2}}\int_{-\pi}^{\pi}\eta(\mathrm{X}, t)e-i\mathrm{k}\cdot \mathrm{x}_{d\mathrm{x}}$ (23)
Fig 5 $R_{\lambda}$ $k_{d}^{-}$ $-$
$E_{\eta}(k)\propto k^{-\alpha}$ . (24)
Brachet et al. [5] $\alpha\approx 0.5$ $R_{\lambda}=59$ $\alpha\approx 0.5$ $0.1\leq$




$\frac{D\omega}{Dt}=\nu\nabla^{2}\omega$ , $( \frac{D}{Dt}\equiv\frac{\partial}{\partial t}+\mathrm{u}\cdot\nabla)$ . (25)




$\nabla^{2}\omega$ pdf Fig 7 Gauss
$\nabla^{2}\omega$
Gaussian stretched exponential






- Gaussian field $\omega$
pdf $($Fig $.9)_{\text{ }}$ $\nabla^{2}\omega$ pdf (Fig 10) Gauss
$\omega$
Gaussian (Fig 11) $\langle\nabla^{2}\omega|\omega\rangle\infty-\omega$
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$\frac{D\omega_{i}}{Dt},=-ul,i\omega,\iota+\mathcal{U}\nabla^{2}\omega,i$ , $(u_{l,i}= \frac{\partial u_{l}}{\partial x_{i}},$ $\omega_{i},=\frac{\partial\omega}{\partial x_{i}})$ . (26)
$x,$ $y$ 2 $x$
$\omega_{x},(\equiv\frac{\partial\omega}{\partial x})$ pdf Fig.12 Gauss
Fig 13 $\nabla^{2}\omega_{x}$, pdf ? $P(\omega_{x},)$ $R_{\lambda}$
(Fig 14) 3 $-\omega^{3}$









Fig 16, Fig 17 $r$ $P(\delta\omega_{r})$ $r$
$\omega(\mathrm{x})$ $r=\pi/128,$ $(l=9)$
Gauss $r$ $P(\nabla^{2}\delta\omega_{r})$
Fig 18 (a) $r\geq\pi/8,$ $(l\geq 4)$ $\circ$
$l=7,8,9$ Fig 18 (b) $|\delta\omega_{r}|/\sigma_{\delta}\omega_{r}\leq 5$
$\langle\nabla^{2}\delta\omega_{r}|\delta\omega_{r}\rangle\alpha-\delta\omega_{r}$
$\delta\omega_{r}$ pdf $P(\tilde{x})\propto\exp\{-\alpha(r)\tilde{x}\}\beta(r),\tilde{x}\equiv\delta\omega_{r}/\sigma_{\delta\omega_{r}}$ fitting $r$




$r^{\zeta_{p}}$ , $(p=1,2, \cdots, 20)$ , ( $r$ ) (29)
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$R_{\lambda}=59$ $r$ $f_{p}(r)$ Fig 20 – $p=1$
$P$ fitting pdf fitting
pdf $59\leq 7^{\cdot}\leq 341$ fittlng $(_{p}$
$P$ Fig 21 $\zeta_{p}$ $P$ 16






-J0 $.s$ a $s$ $i\mathit{0}$ $\mathrm{J}\mathit{5}$
Fig 6 $\omega$ pdf $\mu_{\mathrm{l}}\mathrm{g}./\vee^{\Delta}\omega$ pdf
$\omega/\sigma_{\omega}\mathrm{v}\mathrm{s}\sigma_{\omega}P(\omega/\sigma_{\omega})$
$\mathrm{F}^{1}\mathrm{l}\mathrm{g}.8*^{\wedge’}$1 1 : $\langle$ $\vee^{A}\omega|\omega)$ $\mathrm{r}\cdot \mathrm{l}\mathrm{g}.9l\mathbb{H}\mathrm{R}\omega$ $\mathrm{p}\mathrm{d}\mathrm{l}$ ; Gaussian hheld
$\nabla^{2}\omega/\sigma_{\nabla\omega\nabla}2\mathrm{V}\mathrm{S}\sigma 2{}_{\omega}P(\nabla 2\omega/\sigma_{\nabla^{2}\omega})$
$\mathrm{F}^{\cdot}\mathrm{l}\mathrm{g}.1\cup\vee^{\Delta}\omega\sigma J_{\mathrm{P}}\mathrm{d}l;\mathrm{G}\mathrm{a}\mathrm{u}\mathrm{s}\mathrm{s}\overline{1}\mathrm{a}\mathrm{n}$ tield $\mathrm{F}_{\mathrm{l}}\mathrm{g}.11*^{\approx}1+1^{\backslash }1\backslash +’$]$g:\langle\nabla^{z}\omega|\omega$ ) ; Gaussian field
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$\mathrm{E}_{\mathrm{l}}^{1}\mathrm{g}.1z$ c $\omega_{x}$, $\mathrm{p}\mathrm{d}\ddagger$ Flg . $1^{\cdot}\mathrm{d}\vee^{\Delta}\omega_{x}$, $\mathrm{p}\mathrm{d}l$




$\mu_{\mathrm{l}}’ \mathrm{g}.\perp 9r$ $\alpha(r),$ $\beta(r)$ $(R_{\lambda}=59)$ $\mu_{\mathrm{l}}\mathrm{g}.\mathit{2}\cup b\omega_{r}$ $(R_{\lambda}=59)$ :
$f_{p}(r)=r^{\zeta}p(p=1,2, \cdots, 20)$ ,
–;
2














$s$ $l\mathit{0}$ $lS$ $w$ 25
$p$








$P(\nabla^{2}\omega)$ non-Gaussian $R_{\lambda}$ Gaussian
$P(\omega_{x},),$ $P(\nabla 2\omega_{x},)$ non-Guassian $P(\nabla^{2}\omega_{x},)$ $R_{\lambda}$
$\delta\omega_{r}$ $R_{\lambda}=59$ $r$ $P(\delta\omega_{r})$ Gaussian
$P(\delta\omega_{r}),$ $P(\nabla 2\omega_{r})$ $\delta\omega_{r}$
$\langle|\delta\omega_{r}|^{p}\rangle=r^{\zeta_{p}},$ $\zeta_{p}\oint p$
$R_{\lambda}$
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